Abstract: Age-related changes in the content of monoamines and their metabolites in four regions of the brain, cortex (CX), midbrain and thalamus (MB), hypothalamus (HT), and medulla oblongata (MO), were quantitatively assessed in spontaneously hypertensive rats (SHR) and Wistar-Kyoto rats (WKY) to determine the contribution of brain amines to the pathogenesis of hypertension. Seven-week-old SHR had a significantly higher concentration of noradrenaline (NA) in the CX, MB, and HT than age-matched WKY. On the other hand, at 12-weeks, NA contents in all four regions of SHR was significantly lower than in WKY. There was no difference in dopamine (DA) content in these four regions between 7-week-old SHR and age-matched WKY. But in 12-week-old SHR, DA content in CX and MB were significantly lower than in WKY. Seven-week-old SHR had significantly higher 5-HT concentration than WKY in the CX, MB, MO and HT, but at 12 weeks, 5-HT content in all these four brain regions of SHR were significantly lower than in WKY. The contents of MHPG and 5HIAA, which are metabolites of NA and 5-HT, respectively, in all four regions were lower in SHR than in WKY at 12 weeks. The contents of DOPAC and HVA, metabolites of DA, in the brain of 12-week-old SHR, also showed the same tendency. These results suggest that NA, DA and 5-HT in the brain may simultaneously affect the onset and development of hypertension in SHR.
Introduction
The spontaneously hypertensive rats (SHR) established by Okamoto and Aokil' are presently considered to be among the most suitable models for studying human essential hypertension. Various pathophysiological and biochemical findings have been obtained for SHR, but the mechanism of their hypertension remains to be elucidated. There are several theories of blood pressure regulation, such as the mosaic theory in which one pathogenesis of hypertension would be metabolism of abnormal central monoamines. Moreover, since Yamori et al. reported low concentration of noradrenaline (NA) in the brain stem of SHR, it has been suspected that catecholamines (CA) may be important in the development of hypertension.2 ' We have studied the hypotensive effect of clorgyline, a selective inhibitor of MAO-A in normotensive rats' and SHR.4' Blood pressure decreased after intraperitoneal (i.p.) or Department of Pharmacology, Showa University School of Medicine, 1-5-8 Hatanodai, Shinagawa-ku, Tokyo 142, Japan. intracerebroventricular (i.c.v.) injection of clorgyline. Based on data obtained in these studies, we concluded that the observed hypotension might be related to the accumulation of centrally acting NA or serotonin (5-HT) in the brain as a result of MAO-A inhibition by clorgyline. The present investigation was conducted to study the role of catecholamine in the onset of hypertension in SHR. Regional distribution of NA, DA, 5-HT and their metabolites in the brain was examined in young (7 week old) and adult (12 week old) SHR. weeks, NA levels in the CX, MB and HT of the SHR were significantly higher than those in the WKY, and in the MO region of the SHR they tended to be higher than in the WKY.
In contrast, at 12 weeks, NA levels in all brain regions of the SHR examined in this study were significantly lower than those in the WKY. On the other hand, the level of MHPG, a metabolite of NA, was comparable to that in age-matched WKY, in all brain regions of the SHR at 7 weeks. At 12 weeks, those levels were significantly lower in SHR than in WKY in all the brain regions except the MB. In SHR at 12 weeks of age, NA levels in all brain regions tended to be lower than those at 7 weeks of age. On the contrary, WKY at 12 weeks of age tended to have higher NA levels in all the brain regions than at 7 weeks.
As shown in Table 2 , at 7 weeks DA levels in all four SHR brain regions were com- •oe: In the SHR, DA levels in the CX and MB tended to be lower at 12 weeks than at 7 weeks. In contrast, DA levels in the CX, MB and HT in the WKY tended to be higher at 12 weeks than at 7 weeks.
The 5-HT and 5-HIAA contents in the brain are summarized in Table 3 . In all brain regions examined, the contents of 5-HT in the SHR at 7 weeks of age were significantly higher than those in the WKY. However, at 12 weeks the 5-HT contents in all SHR brain In our results, NA levels in the brain of young and adult SHR were different from those of age-matched WKY, indicating the possibility that these changes in SHR might be related to the development of hypertension. This hypothesis is supported by the finding that 6-hydroxydopamine (6-OH-DA), which destroys central adrenergic neurons, prevents the development of hypertension in SHR, renal and DOCA/NaCI hypertensive rats.9,10) Furthermore, in young SHR, serum DBH activity was higher than that in age-matched WKY 11,12) These studies indicate that increased NA in the brain plays an important role in the development of hypertension in SHR.
The posterior hypothalamus (PHT), which is thought to be a tonically active center of central blood pressure regulation, is important in the development of hypertension in SHR. The PHT projects fibers directly or indirectly to the vasomotor center located in the brain stem and these neurons modulate peripheral nerve activity. Electrical stimulation of the PHT of SHR increases arterial blood pressure and heart rate.13,14) Stimulation-induced release of 3H-NA was increased in the PHT of 10-to 12-week-old SHR.15) Central administration of NA in the PHT produced significant pressor responses.16) These results suggest the presence of pressor receptors in the PHT that respond to NA. However, the HT that we report here included the anterior hypothalamus (AHT) which is also thought to reduce the arterial blood pressure by controlling inhibition of central sympathetic tone.17' Therefore no reliable information is available from the present study as to the detailed localization of a trigger in the HT. NA content in all brain regions was high in young SHR, but MHPG content in the brain of young SHR differed from than in WKY. NA contents in all brain regions of the adult SHR decreased with a concomitant decrease in MHPG content. These results suggest that the increase in the NA content of the respective brain regions of young SHR reflects both changes in NA turnover and changes in NA synthesis. It is possible to relate these general decreases in catecholamine levels to a progressive rise in blood presure. A previous study of NA turnover using a-methyl-p-tyrosine showed no difference between young SHR and age-matched WKY in the PHT.18) The increased contents might represent an increase in the granules in an active pool of NA. 19) Our results indicate similar brain DA content in young SHR and age-matched WKY. However, DA contents in the MB of young SHR tended to be higher than in age-matched WKY. Pretreatment with GBR-12909, a DA uptake-blocker, inhibits the development of hypertension.20) Other studies have shown different results. For example, administration of bromocriptine, a DA agonist, significantly decreases blood pressure.21) No fall in blood pressure or heart rate was observed after intracerebroventricular injection of DA.22) Little is known about the role of the brain DA system in the regulation of blood pressure, but in our studies, there was a definite pattern in the age-related changes in DA and DA metabolite levels. The lower DA, DOPAC and HVA levels found in adult SHR compared to those in adult WKY suggested some change in DA levels occurring with age. Our results and those of others suggest that brain DA may be important in the development of hypertension.
In the present results, brain 5-HT content in young and adult SHR differed from those in age-matched WKY. Injection of 5-HT into the cerebral ventricles increased blood pressure, and these pressor responses were prevented by intraventricular injection of bromolysergic acid diethylamide and ketanserin, which are 5-HT receptor antagonists.23,24) These studies suggest that brain 5-HT is also important in blood pressure regulation. In our studies, the content of 5-HT in the brain of young SHR was significantly higher than that in WKY, and helped to explain these hypotheses. Content of 5-HT in all brain regions of young SHR increased along with concomitant increase in 5-HIAA contents of CX and MB.
Our studies indicated that the higher 5-HT content in the brain of young SHR was caused by both the change in 5-HT turnover and the change in 5-HT synthesis. 
